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Patent Certification Under 21 CFR §314.94 and Notice of Certification of lnvahdity o '
Noninfringement of a Patent Under 21 CFR§ 14, QEL\ P P A |

. --“

L Andrx Labs, L.L.C. (Andrx), having a piace of business at 4955 Orange Drive, Davie,
Florida 33314, hereby certifies to the fallowmg persans that it has filed 2 New Drug Application
under 21 U.8.C. §505(b){2) for permission to sell Sodium Valproate Delayed-release Tablets,
500 mg Valproic Acid activity that are bioequivalent to Depakote® 500 mg valproic acid activity
tablets; Sodium Valproate Delayed-release Tablets, 250 mg valproic acid activity that are
bioequivalent to Depakote® 250 mg valproic acid activity tablets; and Sodium Vaiproate

Delayed-release Tablets, 126 mg valproic acid activity that are bioequwatent to Depakote® 125
mg valproic acid activity tablets:

A. Holder of New Drug Application for Depakote®

Abbott Laberatories
100 Abbott Park Road
Abbott Park Il 60064

B. Oninformation and belief the owner of U.S. Letters Patent Nos. 4,988,731 and
5,212,326 is:

Abbott Laboratories
100 Abbott Park Road
Abbott Park L. 60064

i The United States Food and Drug Administration has received a New Drug Application
(NDA) from Andrx which contains bioequivalence data which shows that each of Andrx'
Valproate Sodium Delayed-Release Tablets, 500 mg valproic acid activity, 250 mg valproic acid
activity, and 125 mg valproic acid activity, are bioequivalent to the respective strengths of

Depakote® tablets. A Paragraph |V Certification under 21 CFR §314.94 was submitted with the
NDA.

IlI.  The Andrx New Drug Application Number is 21-817.

IV.  The established names for the proposed drug products are Sodium Valproate Delayed-
release Tablets, 500 mg Valproic Acid activity; Sodium Valproate Delayed-release Tablets 250

g Valproic Acid activity, and Sodium Valproate Delayed-release Tablets 125 mg Valproic Acid
activity.

V. ‘The active ingredient for the proposed drug products is vaiproic acid; the dosage forms

are oral tablets that will be sold in 500-mg valproic acid activity strengths, 250-mg valproic acid
strengths, and 125-mg valproic acid strengths.

VL  The following patents (the "listed patents") which have been listed in the Approved Drug
Products with Therapsutic Equivalence Evaluations (the "Orange Book™) are known to Andrx

and will either (a) not be infringed by the making, using, or selling of Andrx' Sodium Valproate
Delayed-release Tablets 500 mg valproic acid activity, Sodium Valproate Delayed-release
Tablets 250 mg valproic acid activity, and Sodium Valproate Delayed-release Tablets 125 mg
valproic acid activity products (Andrx' Proposed Products); or (b) be invalid and/or
unenforceable if the claims are asserted to read on Andrx' Proposed Products:
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U.S. Patent No. Expiration Date

4,988,731 January 29, 2008
5,212,326 January 29, 2008

A copy of each of these patents is attached hereto as an Appendix.

Vil. The above U.S. patents, which have been listed in the Orange Book will not be infringed
by Andrx’ Proposed Products or, in the alternative, would be invalid or unenforceable against
Andrx' Proposed Praducts for a number of reasons which are described below:

The listed patents will not be infringed by Andrx' Proposed Products because the claims
of those patents concern particular oligomeric compositions or oral pharmaceutical dosage

forms contsining those oligomeric compositions which are completely different from Andrx'
Proposed Products. To summarize:

s Andrx Proposed Products are nat, and do not contain, the claimed oligomeric form which is
‘divalproex sodium. Therefore, Andrx’ Proposed Products do not fall within the literal scope
of the claims of the ‘731 or ‘326 patents.” Neither do Andrx’ Proposed Products contain the
monomer of the complexed sodium valproate:valproic acid in a 1:1 ratio. Therefore, Andrx’

Proposed Products do not contain any form of divalproex sodium that would infringe the
listed patents under the dactrine of equivalents.

s The doctrine of equivalents cannot be applied to Andrx’ Proposed. Products because Andrx'
Proposed Products contain 2 compound which is in the prior art, namely sodium valproate.
The scope of the claims of the '731 and '326 patents cannot be expanded to cover prior art
(including Andrx’ Proposed Products) because patent protection cannot be afforded to that
which is in the public domain. Accardingly, Andrx is free to use the prior art (public domain)

non-oligomeric form of divalproex sodium, namely sodium valproate without infringing either
of the '731 or '326 patents.

« Because Andrx' Proposed Products contain a prior art compound as their active ingredient,
any allegation that the '731 or '326 patents are infringed by Andrx’ Proposed Products would
necessarily mean that the claims of these listed patents read on the prior at. Any assertion
that Andrx' Proposed Products infringe the claims of the listed patents would be an improper -
use of the listed patents. Thus, the '731 and '326 patents are either invalid or are
unenforceable against Andrx' Proposed Products which employ sodium valproate, i.e., a
non-oligomeric and non-complexed form of divalproex sodium.

The distinctions which differentiate Andrx' Proposed Products from the claims of the
listed patents are detailed below:

United States Patent No. 4,988,731

The clairr}s of U.S. Patent No. 4,888,731 (the '731 patent) specifically require an
cligomer comprising about four (4) units of complexed sodium valproate and valproic acid in a
1:1 ratio. The '731 patent contains two claims, both of which are reproduced below:



1. An oligomer having a 1:1 molar ratio of sodium valproate and valproic acid of
the unit fcrmu‘a, (CH;CH:CH;)aCHCOsNa/(CHQCHzCHz)zCHCO:H), and
containing about 4 such units.

2. An oral pharmaceutical dosage form for ireating the symptoms of epilepfic
seizures or convulsions, containing as the active principal an oligomer
having a 1:1 molar ratio of sodium valproate and valproic acid of the unit

formuia, (CH:CH:CH:):GHCO:NQ/ (CH:CH;CH:):CHGO:H), and containing
about 4 such units.

Andrx’ Proposed Products do not cantain the claimed oligomer. Nor do Andrx’ Proposed
Products contain the monomer of complexed sadium valproate/valproic acid in a 1:1 ratio.

The initial manufacturing step for Andrx' Proposed Product, utilizing divalproex sodium,
is performed outside the United States and outside any United States territories subject to
United States patent laws. This initial formulation step involves adding excess sodium
hydroxide solution to divalproex sodium, thereby resulting in a high pH solution (pH 10.8, 50%
w/w) which contains non-oligomeric, non-complexed sodium valproate. This high pH for the
solution (termed “sodium divalproate pH-adjusted solution™} is maintained throughout the
manufacturing process; thus, the cligomeric form is forever destroyed. The sodium valproate in
pH-adjusted solution is then shipped into the United States where the sodium valproate pH-
adjusted solution is diluted” with alcohol and sprayed onto anhydrous lactose to form a
granulation. This granulation is then tableted, and coated with cellulose acetate phthalate.

The sodium valproate pH-adjusted solution imported into the United States contains no
trace of the patented divalproex sodium oligomer, nor does it contain the divalproex sodium

monomer at any stage of the wet granulation or tableting process. Therefore Andrx' formulation
cannot literally infringe any valid claim of the ‘731 patent.

The specification of the ‘731 patent recites several praperties that are characteristic of
the oligomeric divalproex sodium and, therefore, can be used to identify the claimed oligomer or
complex. These properties include NMR spectra, mixed melting-point determination, IR
spectra, and X-ray diffraction. See ‘731 patent at col. 2, lines 14-18. In addition, the claimed
oligomer is described as a crystalline, stable solid which has the advantage of being non-
hygroscopic. Independent testing of Andrx' Proposed Products clearly estahlishes that the

oligomeric form of divalproex sodium is completely absent at all stages of the manufacturing
process that occur within the United States.

Using these and other assays, side-by-side comparison of the claimed oligomer in
solution, in powder form, and as final product with analogous forms used in Andrx Proposed
Products confirms that Andrx’ Proposed Products do not contain the claimed oligomer. From
the deta resulting from these comparative tests, it is conclusive that Andrx' Proposed Products

use the prior art compound, sodium valproate. The results of these comparative assays are
summarized below and are fully presented in the attached Exhibit A.



Summary of Characterization Test Results for Apdrx’ Proposed Product v. Patented Product

Test Solution (50% wiw) Granulation Material Finished Product
sodium Patented Andrx Patented Andrx® Depekote® |
valproate pH- | Divalproex Praposed Divalproex |  Proposed (500 mg
adjusted sodivm Product sodiom - Prodvcts tablet)
solution olipomer Granulation oligomer
(sclution)
pH 10.8 7.1 — — 6.7 4.6
Infrared Peak near No Yes No Yes No Yes
1685 om™ 7 (1707) (1696) (1701)
Melting Point >152 ~100
(EC) — — — —
Hygroscopicity — - 259 0.1 21 04~
X-ray Diffraction 59,69 7.3 575,68 1.2
(°/28) e ——

* Measured as % weight gain after 45 minutes at room temperature (B0% tel, humidity)
** Tablet core material

As shown in the above table, Andrx’ Proposed Products are clearly distinct from the
ciaimed oligomeric compound of the ‘731 patent. Specifically, the sodium valproate pH-
adjusted solution used in the preparation of Andrx’ Proposed Products has a pH of 10.8. Thisis
significantly higher than the pH of 7.1 measured for the patented divalproex sodium oligomer in
solution at an identical concentration. The high pH for the solution used in the manufacture

drx' Proposed Products completely disrupts and forever destroys the claimed oligomeric
form. Neither can the monomer exist at this high pH. The pH measurements for the final
formulated tablets of Andrx’ Proposed Products is also much higher than the Depakate® tablets.

The IR spectra for Andrx' Proposed Products further illustrate their distinction from the
claimed oligomeric divalproex sodium. A distinctive peak at about 1685 cm™ is identified in the
IR spectra for the patented divalproex sodium oligomer. This distinctive peak is consistently
present in solution, in the active ingredient (drug substance), and in the final Depakote® product.
The distinctive divalproex sodium peak is completely absent in Andrx' Proposed Products

{solution, granulation, and final product). The IR spectra for Andrx’ Proposed Product mimics
that of the prior art compound, sodium valproate (see Exhibit A).

Moreover, Andrx’ Proposed Products have a melting point much higher than the
patented oligomer. Andrx' Proposed Products showed no physical change between 180°C and
400°C (the upper limit of the melting point apparatus). The claimed oligomer is recited as having
a melting point range of 98-100°C, which was confirmed by Andrx' tests.

Another distinctive characteristic of Andrx’ Proposed Products is that they are
Aiygroscopic.  The non-hygroscopic property of the, claimed oligormer was relied on by the
patentee of the ‘731 patent to establish a patentable distinction from the compounds in the prior
art (see ‘731 patent, cal. 2, lines 25-26 and lines 58-61). Thus, the hygroscopicity of Andrx’
Proposed Products illustrates its similarity to the prior art compounds and supports the position

that they fall outside the claims of the '731 patent, both literally and under the doctrine of
eguivalents.



Finally, the X-ray diffraction pattern exhibited by Andrx' Proposed Products is clearly
different from the X-ray diffraction pattern exhibited by the patented oligomers. The distinctive
pattern for Andrx' Proposed Products shows a doublet peak at 5.75-6.9 and 6.8-6.9 units,
whereas the patented oligomer does not exhibit the doublet péak., Instead, the patented
oligomer exhibits a single peak at about 7.5 units. The X-ray diffraction pattern is a strong

indication that Andrx’ Proposed Product is a completely different compound from the patented
oligomer.

In view of these side-by-side tests, Andrx’ Proposed Products are shown to be distinct,
and therefore do not literally infringe the claims of the ‘731 patent.

Further, AndrX' formulation cannot infringe any valid claim of the '731 patent under the
doctrine of equivaients. Both the specification and the prosecution history of the ‘731 patent
admit that sodium valproate and valproic acid are known prior art compounds that have been
used for the treatment of epileptic seizur: onvulsions. Additionally, valproic acid and
valproic acid salts, such as sodium salts, have long been known io be useful in the treatment of
epileptic seizures and convulsions. See generally, United States Patents Nos. 4,261,874 and
4,292,425, 4,301,176 and 4,323,507. Therefore, because Andrx imports into the United States
sodium valproate pH-adjusted sofution which contains the prior art, non-oligomeric sodium
valproate, and this compound is employed at all stages of the formulation process for Andrx'

Proposed Products, the claims of the ‘731 patent cannot be expanded under the doctrine of
equivalents to include Andrd’ Proposed Products.

Finally, it is noted that the ‘731 patent fails to contain any claims that recite a process for
forming the claimed oligomer or pharmaceutical formulation containing the claimed oligomer.

Accordingly, there can be no valid claim of infringement of the ‘731 patent under 85 U.S.C. §
271(g).

United States Patent No. 5,212,326

U. 8. Patent No. 5,212,326 (the ‘326 patent) which is a continuation of the '731 patent
discussed above, also provides protection only for the oligomeric form of the sodium valproate-

valproic acid complex (termed “divalproex”). The broadest claims from the ‘326 patent are
reproduced below:

1. An oligomer having a 1:1 molar ration of sodium valproate and valproic

acid of the unit formula, (CH,CH.CH,).CHCO.Na/(CH.CH.CH,),CHCO,H) and
containing about 4 to 6 such units.

2. An oral pharmaceutical dosage form for treating the symptoms of epileptic
seizures or convulsions, containing as the active principal an oligomer having a
1:1 molar ratio of sodium valproate and valproic acld of the unit formula,

(CHsCH,CH,);,CHCO,Na/(CH,CH,CH,).CHCO,H), and containing about 4 to 6
units.

3. An aoligomer having a 1:1 molar ration of sodium valproate and valproic

acid of the unit formula, (CHICH2CH2)2CHCO2Na/(CH3CH2CHz2)2CHCOzH) and
containing about 6 such units.



4, An oral pharmaceutical dosage form for treating the symptoms of epileptic
seizures or cohvulslons, containing as the active principal an oligomer having a
1:1 molar ratio of sodium valproate and valproic acid of the unit formula,

(CHsCH,CH,).CHCO.Na/(CH,CH.CH,),CHCO.H), and containing about € such
units.

5. An oligomer having a 1:1 molar ratio of sodium valproate and valproic
aCid of the unit formu,a, (CHaCH}CH:):CHCOsz(CH!CH:CH!)&CHCOQH), and
having physical/chemical properties as follows: (a) stable, white crystalline
powder; (b) melting point of 98° to 100°C; and (c) an infrared spectrum having
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strong absorption bands at ahout 2857, 2872, 2932, 1685, 1555 and 1370 cm.
Claims 1-4 of the ‘326 patent require an oligomer comprising from 4 to 6 units of sodium

valproate and valproic acid. Claim 5 of this patent requires an oligomer comprising units of
sodium valproate and valproic acld and having specific properties.

Andrx' formulation cannot literally infringe any valid claim of the ‘326 patent because the
valproate sodium pH-adjusted solution that is imported into the United States for preparation of
Andrx’ Proposed Products ‘does not contain any irace of sodium divalproex oligomer as claimed:
in the ‘326 patent. Further, no detectable amount of the scdium divalproex cligomer Is présent
at any stage of Andrx’ wet granulation or tablet formation pracess for Andrx’ Proposed Products.
See generally, discussion of Andrx' Proposed Product vis-a-vis the ‘731 patent, above, and the
accompanying data. Therefore, the Andrx formulation cannot literally infringe any valid claim of
the ‘326 patent. The meiting point and IR spectra of Andrx’ Proposed Praduct do not match the
properties listed In claim 5 of the ‘326 patent. Specifically, the patented oligomer Is claimed as a
white crystalline powder exhibiting a melting point of 88°-100°C and strong iR bands at 2857,
2872, 2832, 1685, 1555 and 1370 cm'. As detailed in the discussion of non-Infringement of the
‘731 patent, above, and the accompanying data presented in Exhibit A, the melting point for

Andrx’ Proposed Products is much higher than 98°-100°C and does not exhibit a characteristic
IR peak at or near 1685 cm?

Andrx’ formulation also cannot infringe any valid claim of this patent under the doctrine
of equivalents. The esiablished knowledge that sodium valproate and valproic acid were used
for treating epileptic seizures and convulsions mare than one year prior to the filing date of the
‘326 patent or the related '731 patent remove Andrx' Proposed. Products from the scope of
equivalents that would be afforded the claims of the ‘326 patent. The Andmx formulation
contains onlylsodium valproate, a prior art compound. Thersfore, the claims of the ‘326 patent

cannot be properly asserted to include the Andrx formulation because the claims would read on
the prior art. ’

Because the ‘326 patent also fails to contain any claims that recite a process for forming

the claimed oligomer or @ pharmaceutical formulation containing the claimed oligomer, there
can be ho valid claim of infringement under 35 U.8,C. § 271(g).

For the above reasons, Andrx' Proposed Products will not infringe any claims in the listed
patents.,



It is hereby certified that on March 26, 2003, a copy of this Notice has been sent by
registered mail, return receipt requested, and by EXPRESS MAILL, return receipt requested, to
Abbott as the holder of New Drug Application for Depakote® Tablets and owner of U.S, Patent
Nos. 4,988,731 and 5,212,326 in an envelope addressed to:

Abbott Laboratories
100 Abbatt Park Road
Abbott Park IL 60064

Respectfully,
Andrx Labs, L.L.C.

Pk 7, 203 B

ed W. Whitlock
Intellectual Property Counsel
Andrx Corporation

4955 Orange Drive

Davie, Florida 33314



Exhibit A

Side-by-side comparison of Depakote® v. Andrx’ Proposed Product
(Raw Data)



1. Results of pH Measurement

Sample" Solution Cong (w/w)® Observation pH

Andrx valproate sodium solution 50.0% (As is) clear solution L 1098

(pH adjusted to ~11) .

(Lot # 170R001) 21.4% clear solution 9.87
3.7% clear solution 772
0.09% clear solution 5.95

Agueous Solution of Divalproex 50.0% clear solution 7.07

Sodium )

(witbout pH adjustraent) 21.4% two-layer solution 6.94
3.7% two-layer solution 6.05
0.09% clear solution 478

Aqueons Solution of Sodium 50.0% clear solution 9.88

Valproate

Agucous Solution of Andrx 50.0% stick, cloudy solution 10.22

Granulation

Aqueous Solution of Anhydrous 50.0% cloudy solution 379

Lactose

Aqueous Solution of Andrx 0.09% clesr solution 6.80

Granulation

Agqueous Solution of Andrx 0.09% cloudy sclution 6.98

Core Tablet

Aqueous Solution of Andrx 0.09% cloudy solution 6.70

Finished Product

Agueous Solution of Depakote?7 0.09% cloudy solution 4,64

Tablet, S00 mg ‘

Note:

a. A boiled water (pH 7.3) was used to prepared all the solutions, except for Andrx Divalproex Sodium Solution
(As is).

b. Cobcentration was calculated based on vaiproic acid.

2. Results of Infrared (JR) Studies
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No Sample *

 Peaks (cm™)®

1 Andrx valproate sodium pH-adjusted solution
(pH adjusted 10 ~]1) (Lot # 170R001)

2959, 2933, 2873,
1642, 1546, 1379

2 | Aqueous Solution of Divalproex Sodium
(50%, wiw) (without pH adjustment)

2959, 2935, 2784, 2523 (b), 1955 (b), 1707, 1542,
1380

3 Aqueous Solution of Sodium Valproate
(50%, wiw)

1 2959, 2934, 2874,

1643, 1544, 1379

4 Sodivm Valproate (solid)

2958, 2933, 2872,
1570, 1552, 1413

5 Divalproex Sodium (solid)

2960, 2935, 2874, 2509 (b), 1948 (b),

1695, 1570, 1559, 1381
6 | Andrx Granulation 2960, 2932, 2872,
(Lot # 171R001) 1570, 1559, 1552, 1415
7 | Andrx Core Tablet 2959, 2933, 2873,
(Lo # 181R001) 1552, 1413
8 | Andrx Finished Product, 500 mg 2959, 2932, 2873,
(Lot # 184R00T) 1641, 1600, 1378

9 Depakote7 Tablet, SO0 mg
(Lot # 45-404-AA-21)

2960, 2935, 2875, 2560 (b), 1962 (b), 1701, 1636,
1569 1578,1569, 1530, 1383

Note;

1) The solution samples (#1-3) were dispersed between two flat ZnSe plates, whether the solid samples (#4-9)

were prepered as KBr pelets,

2) The spectra of solution saynples (#1-3) were subfracted by the spectrumm of water,
3) Tbe coating of samples # 8- were removed in sample preparation.

Except for those broad peaks indicated by A(b), all peaks listed herc are generally sharp,
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3. Results of Melting Point Studies

Sample Physical Observation®
Divalproex Sodium Sarnple completely melted 99-100EC
(Lot # 5902044)
Andrx Granulation Sample turned to brownish at ~149EC, meited at ~152EC to yield a dark brown
(Lot # 171R001) liquid, solidified at ~1S4EC, and became partially melt at ~185EC.
Note:

a. Each sample was studied three times,
4. Results of Hygroscopicity Studies

A. Andrx Granulstion vs, Divalproex Sedium Drug Substance

Sample Weight Gain.(%) @ RT/ 80% RH®

30 min 45 min 60 min 90 min 120 min’
Andrx Granulstion® 1.88 2.89 3.64 532 6.75
(Lot# 171R001)
Divalproex Sodium 0.01 0.04 0.06 0.07 0.09
(Lot # 9902044)

2. Data were celculated based on n = 2 (duplicate),

b. The potency of Andrx granulation is 69,29% (w/w, in terms of divalproex sodium). The dsia shown here data
were calculated based on the drug substance preseated in the sample.

B. Andrx Core Tablets and Finished Products vs. Depakote’ Tablets

Ssmplc* Weight Gain (%) @ RT/ 80% RH"

30min { 45min | 60min | 90min | 2hr | 4hr | 6hr | 24hr
Andrx Core Tablets 146 | 228 | 335 | 455 | 566 | 846 | 1024 | 2447
(Lot # 181R001)
Andsx Finished Product 016 | 019 | 021 | 030 | 034 | 053 | 075 | 252
(Lot # 184R001)
Depakote’ Tablets, 500mg | 006 | 007 | 009 | 013 | 018 | 028 | 040 | 138
(Lot # 45-404-AA-21)
2. Samples were used as is.

b. Data were calculated based on n = 2 (duplicate).
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5, Results of X-ray Powder Diffraction Studies

No. | Sample Diffraction Peak (E/ 26)
1 Andrx Granulation 59,7.0,17.2,19.3,21.3,22.0, 24.7, 26.6,32.0
(Lot # 171R001)
2 Andrx Core Tablets 5.8,69,16.9,19.3,21.2,21.9, 24.5,26.4,31.9
(Lot # 181R001) .
3 Andrx Finished Product, 500 mg 5.8,6.8,17.1,19.2,21.1,21.9, 24.5,26.4,31.9
(Lot # 184R001)
4 | Depakote’ Tablets, 500 mg 7.2,19.1,212
(Lot # 45-404-AA-21)
5 Divalproex Sodium 7.3,1932,204,21.2
(Lot # 9902044)
6 Sodium Valproate 5.6,6.7,16.9,20.9,21.8, 24.4, 26.2,31.9
(Lot # 980901 6)
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1

SODIUM HYDROGEN DIVALFROATE
OLIGOMER

This i s continuation-in-part of copending applics- §

tion Serial No. 68,284, filed Aug. 20, 1979 now sban.
doned.

This invention relates to salis of valproic acid. In the
last decade, 2-propylpentancic acid and its alkali or

sarth alkali salts (hereinaller referred to as valproic acid 10

and valproates or valprogre salts, respectively) have
been introdnced in the arsenal of drugs useful for wreat-
ing epileptic seizuret or convalsions. Most commenly
used are valproic scid itsell o its sodium sxlt. The for-

mer is 2 liquid and a3 such is less desirable for prepuring 15

an oral dosage form while the Jaster i 2 solid thay has
poor swbility characteristics partially dve two pro-
nounced hygrascopicity.

it has now been found that a highly steble; nonhygro.

scopic, solid eatity can be pr?md trom valproic scid 20

and its salts, representing o single chemical molecule
with welldefined physical charactaristics.

‘The new compound represents a single crysisiline
entity consisting of one molecule each of valproic scid

or diethylacetic and a sodium valproate sale. There has 25

been some uncertainty as to the structure of the com«
pound. It was first hypothesized that the componnd
formed a complex in the form of 4 compound thus:

O - MO ®
caxqm.\ P N /ﬂlz—(:liz-—w; 30
/cu-c\ ’c—cu\
CHy(CHy), QHw O CHy=CHy~CHj

where M represented Na and o is § or 2

Subsequent investigations beve confirmed that the
compound consists of one molecule each of valproic
acid or diethylacetic ncid and vodium valproate, How-
over, it has been found that the molecules are distrib-
uted a8 an iounic oligomer, rather than ss » dimer 8s

o 4,988,731

2

nately, the new compound wherein n=2 can be made in
& two-component liguid medhum which inciudes ace-
one, In this instance, sadiam valproate i3 formed in siva
by adding NaOH a1 » level of one bslf of a molecular
equivalent of the valproic seid present, preferably asa
solution in an acetone-miscible solvent for said NaOH,
«.q. water. The new compound ean be secovered from
the liquid phese by evaporating the solvent(s) snd, if
desired. the new compound can be recrystallized, for
instence from acetone/wates, from acetonitrile or oths
ers, or the material may be spray-dried, Iyophillzed or
purified by chromatography.

The new compound teprezents s single chemical
molecule a5 can be ned by microanalysis, nmr
spectrum, mixed melting point determination, IR spee-
wwn and/or X-ray diffraction. The pew compound
doey not have the aforementioned detrimentsl physical
characteristics of either of the vwo sterting materials; it
is a crystalline, sable s0lid. Surprisingly, such u useful
compound can be made only from valproic acid and
diethylacetic acid on one sids of the molecule, with the
sodium or salt of valproic acid. When other valproste
saits axe used, i.c., the porassivm, ammonivin or magne-
siur salts, the resulting compound, either does not crys-
tallize, does not form or is highly unstable in the pres-
eace of any atmospheric moisture,

The process for waking vhe compounds of this invens
tion are best illusteated by reference 1o the following
examples which, however, are not intended to imit the
invention in any respect. .

EXAMPLE 1}
1n 1000 ml of scerone at abous 30° C. is dissolved 166
g of sodium valproste and 144 g of vslproic scid. The

33 solution is cooled to sbous 0° C.. filtered and the crystals

Jine precipitate is washed with pre-cooled acetone st |
sbout 0" C. The new compound i obtained in 8 yield of
90% of theory, Additional material can be obtainzd by
vsing the acetone fidieate in 2 subsequent batch,

criginally beligved. Thus, the sodium salt may be illus- 40 The new materisl is a suble, white, crysialline pow-

trated:

" CHyCHy CHCHCHy CHyCHy

LN

a (] - o
Nt Nat

whereln m is sbout 2.

-+ As can be sven from the foregoing structare, one

mole each of the valproic acid moieties form coordinate
bonds with the sodium of the sodium valproate mole-
cule, and the valproate ion. is ionically bonded to the

sodium atom. The steucture is thus consistent with the 60

unique characteristics of the corpound

In the simplest embodiment, the above compound is
prepared by dissolving one mole esch of [Me(CH3)\.
Jz—CHCOOH snd sodiumn valproate in 1000 m! of ace-

or below, the formed new compound is fillered, washed
if desired with pre-codled acetone, and dried under
reduced pressure lo remove all wraces of scetone. Alter-

-QJtO H,OIO J .

|, CHCHAMy™  CHCHCH)Y CHICHICH;”  ~CH;CHyCH)

der which melks at 98-100° C, Its moisture stability is

CHyCHyCH | un

established by placing samples of the material for 45

“minutes in » controlled envirorment at room tampera-

ture and BD% relative humidity. No weight gin is ob-
served, while under the same condision, the simple
sodium salt of valprole acid geins between 17 and 24%
n weight )

The infrared spectrum is consistent with proposed
surverure I and has the following characterizing sb-

' sorption bands: strong, hands st 2957, 2872, 2932, 1685,
tone at about 50° C. Afier cooling the soludon to 0° C. 68

1355 and 1370 o1, The first two of these indicate the
various methy] groups, the last two are dur respectively
to the sntisymmetric snd syramettic OweComeQomes-
tretching vibrations of the carboxyl salt. The remaining



-t
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strong bands indicate the stretching vibrations of the
various methylene proups and the C=O in the corbox-
ylic acid group. while the weak, broad bands sl 2450
and 1900 cm~} are due to intramolecularly bounded
OH groups of the carboxylic acid,

EXAMPLE 2

In the fashion of Example 1 but using sodium vaipro-
ate with the molar equivalenws of dibutylacetic acid or
diethylacetic acid, respectively, the cotresponding hy-
drogen sodium mixed salts of the assumed struciore 1T
with neb 3 or 1, respectively, &re obtained. In the
instance of dibutylscetic acid, a very hygroscopic prod.
uct is obtained which & very difficult t0 hundle and
therefore unsuitable for phanmacentical dosage forms,
The mixed salt obtained with diethylaceric aeid is @
white crystalline powder which is stable to ordinary
storage conditions and essentially nonhygroscopic.

EXAMFPLE 3

In 2 comparison of enticonvulsant activities of
A; valproic seid (stable, liguid)
B: sodsem valproate (hygroscopic solid)
C: compound (stable solid) of Example 1
the oral ED50 based on equimolar valproic acid equivas

lents are established by standard procedures. The re-
sults are 22 follows:

A B c
Audiogenin seizures (mice) 156 Wl ilopiig
Peavylencicisazole scizures (mice) <K0 I8 1N mpig
Pentyl le sei (vats) 358 415 361 mp/ky

In & bioavailability study carried oul with (A) and (C)
above jn various anima)] species, the pesk blood plasms
Jevels of oral, equimolar doses are determined accord-

g to standard procedures, 30 minutes after drug ad-
ministretion.

A [+
Mouse (200 ma/kg) 1337 WA mag
Rat (100 mg/ig) M1 630 mgikg

Dog @S mp/kg) 8.2
Dog (25 mp/kg) AUC* 12}
SArea bade? th: curwe valie for 0-7 houm,

738 wmp/kg
95.0 hr « meg/ml

4,588,731

20
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From the above examples, it will be seen that the new
maierial has equal or better physiological properties
than cither valproic azid or sodivm valproste. Sinca the
new.compotnd has far superior physical chsracteristics
than either “monomer” from which it is mude, it greatly
Facilitates the preparevion of solid pharmaceutical dos-
age forms, and specific amounts can be weighed out and
blended with starch and/or other binders w form a
flowable powder which cen be forwarded to standard
tableting maghines after granulstion. Neither the hygro-
scofic sodium salt of valproic acid nor the liguid val
proic scid itself can be processed in this fashion without
specia) preoautions or sbsorbesits.

The new compounds can be tableted in accordance
with Example XIII of U.S, Pat. Ne, 3,325,361 and anal-
ogovs methods. In these procedures, one or more dilu-
ents and/or excipients are used, e.g., starch, talcum
powder, Jubricunts, disintegrators, flavoring apents,
coloring agents and the like, These additives, of course,
are the ysuzl pharmaceutically acceptable carriers or
diluents employed in routine fashion by tablet formula-
tOrs.

The above structure IT is the most likely true two-di-
mensional view of the sodium/hydrogen divalproate
snd seems 1 be confirmed by IR and ninr spectra, by
molecular weight and microanalytic values. Thus, the
new materist should be characterized not by depicting a
stractural formula but by reference to o single com-
pound of formula (CH3CH2CH3CHCONa/RaCH-
COaH or {(RaCHCOy) (R2CHCO2)]Na, H whertin each
R is propyl, or by reference to sodinm/hydrogen dival.
praate.

It will be understood that vearious changes and modi-
fications can be made in the detalls of procedore, formu-
lation and use without departing from the spirit of the
inva:r:r:l, especially a3 defined in the following claims,

I claie:

L An oligomer baving a 1:1 molar ratio of sodium
valproate and valproic acid of the unit formuls,
(CHICH;CH:);;CHCONa/(CHCHCH): CHCOH,
and containing about 4 such uniss. ,

2. An orul pharmeceniics) dosuge form for treating
the symptoms of epllepric seizures or convulsions, con.
taining a5 the wctive principsl an oligomer having & 131
molar ratic of sodium valproste and valproic acid of the
unit fonmals, (CH3CH;CH3); CHCO;.
Na/(CH;CHCH; ) CHCOZH, and contsining sbout ¢
such units,
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SODIUM HYDROGEN IMVALPROATE
OLIGOMER

This application Is 8 contdnvation of Ser. Ne. 117,945,
filed Nov. 9, 1987, now U.S. Pat. No. 4,988,731 issved
Jan, 29, 1991, which is 2 continuation of Ser. No.
545,719 (led Oct 26, 1983, now abandoned, which iz a
continuationsin- of Ser, No. 058,284 filed Avg. 20,
1975, now gbandoned, 3

This invention relates to salis of vaiproic acid, In the
iast decade, Z-propylpentancic scid and its alkali or
exrth alkali sslts (horeinafter teferred 1o a5 valprole acid
and valproates or valproate salts, respectively) have
been introduced in the arsenal of drugs wsefu! for trests 13
ing epilsptic seizures or convulsions. Most cormaaly
used are valproic scid itself or its sodiuen salt. The fore
me? is @ liquid and a5 such is Jess desivable jor preparing
an ora] dosage [rom while the Jatter is 2 solid that has

poor swsbility charscieristics partielly due 10 pro- g5

nounced Liygro s
1t hes now been found that a highly stable, nonhygro-
scopic,-eolid entity can be prepared from velpreic acid
and its salts, repreacnting » sitgle chemical molecule
with welldefined physical characteristics. 28
The new compound represents 8 single erystalline
entity consisting of one molecule each of valproic agid
o ‘diethylacetic and » sodium valproate salt. There hss
been some ty 25 to the structure of the com-

pound. It was fimst hypothesized thar the compound 5,

formed & complex in the form of & compound thus:

cH 0.., MO, ~-CH=CH3 B
NCHZ, e Y \c--cn /U'lz 7==Chij
35
':Ha(CH:)./ OH... o’ CHz=CHy—CHy

where M represcnted Naand nis 1 or 2.

Subsequent investigations have confirmed that the
compound consists of one wolecule each of valproic

acid or dicthylecetic acid and sodium valproste. How. 40

ever, it bus been found thet the molecules nre distrib-
vied as an jonic oligomer, rather than as » dimer ey
originally believed. Thus, the sodinm salt may be illus.
trared:

sy CHzCH cu:cmom.Ica:mzcn;
n"o 0 ~-07 g
No+ Nt
) [ Q (+}

S

CHpCHCHy CiyCHCHY c'ﬂam:ms_”_ [

45

sy

wherein m is sbout 2 to 3,

As cen be seen from the foregoing structuse, one
wmole each of the valproic acld moiedes form coordinate
bonds with the sodium of the sodivm valproste mole- &
cule, and the valproate lon is jonically bonded wo the
sogdjum atom. The strueture is thus consistent with the
unique characteristics of the compound,

I the simplest embodiment, the sbove compound is
prepared by dissolving one mole esch of [Me(CHZ) k- 65
CHCOOH and sodium valproate in 1000 m! of acetonz
st sbowt 50° C. Alter cooling the solution 10 0* C or
below, the formed new compound is filtered, washad if

5,212,326
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desired with pre-cocled acetone, and dried under re-
Guced pressure 1o remove all traces of acetone. Alter.
nately, the new compound wherein nm2 can be made in
s two-component liquid medium which includes nce-
{one, In this instance, sodiom valproate is formed in sity
by sdding NaOH ata level of one hall of 2 moleculer
equivalent of the valproic acid preseat, preferably as s
solufion in an pcetone-miscible solvent for said NaQH,
e.g. water, The pew compound ean be recovered from

0 the fiquid phase by evaporafing the solvent(s) and, if

desired, the new compotmd can be secrystallized, for
instance from scetone/water, from acetonitrile or oth-
er5, or the material may be spray-dried, lyophilized or
purified by chromalography.

The new componnd represents o single chemical

molecule a5 can be determined by microanalysis, nme
spectrum, mixed welting point determination, IR spee-
trum and/or Xeray diffraction. The new compound
does not have the aforemeritioned detrimental physical
characieristics of either of the two starting materials; i
is 2 crystalline, stable solid, Surprisingly, such a usefo]
compound ¢can be made only from valproie acid and
diethylacetic acid on one side of the molecule, with the
sodium or salt of valproje acid, When other valproate
salts are used, j.c., the potassiem, smmonium or wagne-
sium s&lts, the resuiting compound, cither does not crys-
1allize, does niot form or is highly unsisble in the pres-
ence of any stmospheric moisture.,
" The process {or making the compounds of this inven-
ton are Best Mlustrated by refecence to the following
exemples which, howeves, a1z not intended to limit the
invention in sny vespect,

EXAMPLE }

In 1000 mi of acetona st sbont 50° C. is dissolved 166
g of sodivm valproste and 144 g of valproic acid. The
solution is cooled w sbowt 0° C,, filtered and the crystale
line precipimate it washed with pre-cooled acetone at
gbout 0° C, The new compound it obtained in 2 yield of
90% of theory, Additional maverial can be obusined by
wsing the acetone filtrate in » subsequent barch,

The new matesial is 8 stable, white, crystalline pow-
der which melts at 9§'~100" C. Its moistore sability s
established by plecing samplés of the material for 45
soinutes in » controlled environmert at room tempers-
ture and §0% relotive humidity. No weight gain is ob-
scrved, while under the same condition, the
sodium salt of valproic acid gains between 17 and 24%
in weight.

The infrared spectrusn it Consisient with proposed
strocture T and has the following ¢ ing abe
sorption bands: strong bands a1 2957, 2872, 2932, 1685,

- 1555 and 1370 em~ 1, The first two of these indicate the

various methyl groups, the last two are due respoctively
to the entisymmetric and symmetric O-C-O-stretching
vibrpitons of the carboxyl salf. The remaining strong
bands ingdicate the stretching vibrations of the various
methylene groups and the C=0 in the carboxylic acid
group, while the weak, broad bands at 2450 and 1900
em— i are due to inuamelesularly bounded OH groups
of the carboxylix acid.

EXAMPLE 2
In a comperison of enliconvnlsant activities of
A: valproic stid (stable, liquid)

B: sodivm valproste (hygroscopic solid)
C: compound (stable solid) of Example 1
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the ora] EIX50 based on equimolar valproic acid equiva.
lents nre established by standsrd procedures. The re-
sults are as follows:

A B [
Andiogenic scltures {mine) 15 141 8l wp/kg
Pentyleneitttazole seizures {micc) <800 2 1% opsig
Peniylencicirazole seizures (rala) 388 . S 32 mpikg

Tn a biosveilability study carried out with (A) snd {C)
shove in varions anima) species, the peak blood plasms
fevels of oral, equimolar doses are determined scoord.
ing 10 standard procedures, 30 minutes after drug rd-

5,212,326
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The sbove struciure 11 5 the most likely true two-die
mensional view of the sedlum/hydrogen divaiproate
and seerns 10 be confimed by IR and zmr spectra, by
molecvler weight and micyoanaiytic values. Thus, the
new waterial should be chasacterized not by depicting a
structura) formula but by reference to & single com-
pound of formuls (CHHCH;CHR,CHOQNa/R;CH.
COzH or [R2CHCO)R2CHCO)INGH whesein each
R ks propy!, or by reference to sodivm/hydrogen dival

10 proa

ministration. 15
A ©
Mowgnmekd T heend
Rai X Y
Dog @5 mg/kg) 681 76 meng n
Dog (25 mgp/kp) AUC (7] 95.0 hr - meg/mi

*Avea undes le curve walug for 0-7 houts,

From the above ezamples, ji will be seen that the new
materisl has equal or benter physiological properties
than either valproic acid or sodjum valproate. Since the
new compound has far superior physics] charscteristics
than either “monomer” from which it is made, it greatly
facilitates the preparation of solid pharmaceutical dos-
sg¢ forms, and specific amounts can be weighed out and
. blended with starch and/or other binders to form a
flowable powder which can be forwsrded to standard
tableting machines after granulstion. Neither the hygro.
scopic sodium salt of valproic acid nor che liquid val-
proic acid itself can be procassed in this fashion without
specia) precautions or absorbents,

The new compounds can be tableted in accordunce
with Exampie XIIT of U.S. Pat. No, 3,325,361 and amal-
ogons methuds, In these procedures, one or more dilu-
ents and/or excipients are used, e.g., starch, wlcum
powder, lubricants, disinteprators, flavoring agents,
eoloring sgunts and the like, These additives, of course,
are the vsual pharmeceutically acceptable carriers or
diluents employed in routine fashion by tablet formuls-
o8,

25

an

33

4
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te,
Tt will be understoad that various changes and modi-
fications can be made in the details of procedure, formu.
lation and usz without departing from the spitit of the
invcm’ido;, especislly ss defined in the following claims.

1 cirdm:

1. At oligomer having a 1:1 molar ratio of sodium
valproate and’ valproic scid of the unit foruln,
(CH3CH;CH ) CHOO:Na/(CHyCHaCH),CHCO ],
and containing about 4 {0 6 such units.

2. An oral phenmaceutical dosage form for wreating
the symptoms of epileptic seizgres or convulsions, con-
taining as the uctive principsl an oligomer having & 131
rmolar ratio of sodivwm valproste and valproic ecid of the
nnit formula, (CH:CHaCH ;3 CHCQ,.
Na/(CH3CH;CHz);CHCOzH, and contsining about 4
t0 6 such units,

8§, An oligomer having 8 1:1 mojar ratio of sodimm
valproate and valproic scid of the unit Formuls,
(CH3CHCH):CHCO; Na/(CHCH;CH,):CHCO;H,
and conwining about 6 such units,

4. An oral pharmaceutical dosage form for tresting
the sympioms of epileptic seigures or convulsions, con-
taining a5 the active principal an oligomer having & 1:
wolar ratlo of podinm valpsoste and vaiproic acid of the
unit formuls, {CH3CH3CH,):CHCO;.
Na/(CH:CH;CH;):CHCOH, and conlaining about €
such wnits.

5. An cligomer having s 1:1 molar rado of sodium
vaiproate and valproic scid of the unit forinuls,
{CHyCH,CH2); CHCONaACH;CH; CH ) CHCO: K,
and hoving physical/chemicsl properties as follows:

& stable, white crystalline powder:
b, melting point of 98"~100" C,; and
¢. an infrared speczrum having strong absorption bands
at sbout 2957, 2872, 2932, 168S, 1555 and 1370 cm -t
: L3 -



